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ABSTRACT 

The Double Deficit Hypothesis of dyslexia posits that students can be grouped 

into four distinct groups: (a) average readers, (b) students with phonological deficits, (c) 

students with naming speed deficits, and (d) students with double deficits: those having 

both (b) and (c). The present study examines the stability of the Double Deficit groups 

from Kindergarten to Grade 2. 214 children were assessed in Kindergarten and 

subsequently tested in early Grade 1, late Grade 1, and Grade 2. Tests administered at 

each time included measures of naming speed, phonological awareness, and a variety of 

reading measures. Discriminant analyses indicated that approximately 70% of Grade 2 

children were successfully classified by Kindergarten measures. Contingency analyses 

indicated moderate stability from Kindergarten to Grade 2 and more movement between 

groups between Kindergarten and Grade 1. The Double Deficit groups differed in reading 

achievement at each testing time, with the Double Deficit group obtaining the lowest 

scores. Implications for early assessment and intervention are discussed. 
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CHAPTER 1: INTRODUCTION 

Mortimer J. Adler (1940, p. vii) once said that "reading is a basic tool in the living 

of a good life." Because of the value that has been placed on reading in society, 

difficulties learning to read can have devastating consequences. Children who struggle to 

learn to read at a young age often go on to experience difficulty reading throughout their 

lives (Scarborough, 1998). Research over the past few decades suggests that early 

identification of reading difficulties is the key to success for our most vulnerable readers. 

Torgesen (1998) captured the importance of early identification when he stated that “the 

best solution to the problem of reading failure is to allocate resources for early 

identification and prevention” (p. 1). Due to its implications, effective early identification 

is an important aspect of both clinical and classroom assessment and is the foundation for 

effective and meaningful instruction. Research suggests that when clinicians and teachers 

can accurately identify students at risk of concurrent and later reading difficulties, they 

can begin to offer early and appropriate intervention to at-risk readers (Scarborough). 

Effective early diagnosis also allows education professionals to determine strengths and 

weaknesses that can allow them to develop the best possible programs for individual 

students.  

Over the past several years, researchers have identified a number of predictors of 

reading success (Kirby, Desrochers, Roth, & Lai, 2008;Scarborough, 1998).  

Phonological awareness (PA) has been of particular interest. It has been widely accepted 

that a child’s ability to manipulate the sound components of words is a strong predictor of 

reading ability (Adams, 1990). In recent years, research has also focused on a second 

predictor, naming speed (NS). Several studies have found that a child’s ability to rapidly 

name familiar stimuli such as object, colours, digits, or numbers also accounts for unique 
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variance in both concurrent and future reading ability (for review see Wolf, Bowers, & 

Biddle, 2000). Figure 1 provides an example of a NS task. In light of these findings, Wolf 

and Bowers (1999) offered one theory, the Double Deficit Hypothesis (DDH), as a way of 

classifying students with reading difficulties. This theory implies four distinct categories 

of readers: double asset, phonological deficit, naming speed deficit, and double deficit. A 

double deficit refers to a significant impairment in both NS and PA and a double asset 

refers to average or better achievement in NS and PA.  

 

 

 

 

 

 

 

Figure 1. A  typical letter naming speed task  

 

Since Wolf and Bowers (1999) proposed this hypothesis, there has been 

considerable research devoted to the evaluation of the theory and its implications (for 

review, see Vukovic & Siegel, 2006). While several studies have found support for the 

distinct subgroups offered by Wolf and Bowers (e.g. Kirby, Parilla, & Pfeiffer, 2003), 

others have challenged the theory and questioned the existence of a second core deficit 

(e.g. Vaessen, Gerretsen, & Blomert, 2009). In a recent study, Spector (2005) examined 

the Double Deficit Hypothesis from the perspective of stability of group membership over 

time. She examined a group of low-performing students in the fall and spring of Grade 1. 
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She found that only half of the sample remained in the same subgroup from the fall to the 

spring of their Grade 1 year. For the DDH to be applied to instruction, stability of group 

membership is essential. Further research into this stability is a crucial step before reading 

interventions can target specific reading deficits. 

The present study examines the DDH in several ways. The purpose of this study 

was to explore early identification from the perspective of the Double Deficit Hypothesis 

with a particular focus on both the prediction of subgroup membership and the stability of 

group membership over time. Discriminant analyses were used to determine if reading 

measures in Kindergarten could accurately predict group membership according to the 

Double Deficit Hypothesis in the fall of Grade 2. Furthermore, several descriptive 

techniques, such as contingency tables and graph theory, are used to track the stability of 

group membership over time. Graph theory is a technique used to illustrate movement 

between groups (Winne, Gupta, and Nesbit, 1994). This tracking allowed the researcher 

to determine whether group membership was consistent over time or if there was fluid 

movement between groups. Analyses were also conducted to determine how the 

subgroups differed on various reading measures at different time points over the course of 

the three years. These ANOVAs were useful as stability of group membership in the 

absence of reading difficulties would have no utility for early intervention. 

The following review provides a summary of existing literature from five key 

areas of research. To begin, I provide an overview of research concerning early 

identification. To follow, I present research concerning phonological awareness and 

naming speed and their role in early identification of both concurrent and future reading 

difficulties. I then present research evaluating the Double Deficit Hypothesis, offering 

studies that have both supported and challenged the hypothesis. Next, I provide a brief 
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overview of some attempts at remediation for the Double Deficit Hypothesis. Finally, I 

describe the present study and situate it within the existing body of research. Table 1 

offers a list of abbreviations that are used throughout the study. 

 

Table 1 

List of Abbreviations  
Term Abbreviation 

Phonological Awareness PA 

Naming Speed NS 

Double Deficit Hypothesis DDH 

Double Asset DA 

Phonological Deficit PD 

Naming Deficit ND 

Double Deficit DD 
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CHAPTER 2: LITERATURE REVIEW 

Early Identification 

 Years of research suggest that reading difficulties are stable over time (Torgesen, 

1998). According to Scarborough (1998), once children have received some formal 

schooling, the best predictor of future reading ability is current reading ability. Thus 

students who experience early success in reading rarely go on to experience difficulty 

later. Similarly, children who experience initial difficulty tend to remain behind their 

typically achieving classmates. Because of this stability, researchers have found it is 

possible to accurately identify students at risk of reading failure very early in their school 

careers (e.gFelton, 1992;Lambrecht Smith, Scott, Roberts, & Locke, 2008; Kirby et al., 

2008; Schatschneider, Francis, Carlson, Fletcher,& Foorman, 2004). These early 

identification practices have important implications for the academic success of countless 

students. 

Sally Shaywitz (2004) captured the importance of early identification when she 

addressed the consequences of delaying intervention for students at risk of reading 

failure. She stated that “it is now possible to protect children against reading failure, but 

in order to do so, such children must first be identified. The earlier the diagnosis is made, 

the better the results.” (p. 141).  According to Shaywitz, students who experience reading 

difficulties in Grade 1 are very likely to have reading difficulties in Grade 6, Grade 9, and 

into adulthood. Sadly, despite what research suggests about the devastating effects of 

delaying identification and intervention, it remains common practice to identify students 

much later in their schooling. Torgesen (1998) suggested that in many school districts, 

identification does not occur until Grade 3, at which time remediation is far more 

difficult. 
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Phonological Awareness 

Much of the research on early identification has focused on phonological 

awareness (PA). PA refers to one’s ability to reflect on and manipulate the sound 

structure of spoken words (Snowling & Hulme, 2005).This skill is typically tested using 

analysis and synthesis tasks. Elision tasks are one subset of analysis tasks and require 

students to isolate smaller parts of words, such as by saying “cup” without the /k/. 

Synthesis, or blending, tasks require students to blend smaller sounds into words. For 

example, a student may be presented with three sounds, /b/ /a/ /t/, and asked to blend 

them into a word (Wagner et al., 1997). There are several levels of PA ranging from 

syllable awareness, to onset-rime awareness, to phonemic awareness (Snowling & 

Hulme). Research indicates that PA is a strong predictor of both concurrent and future 

reading ability (Wagner et al.). Research also indicates that PA can be successfully 

trained (McCardle, Scarborough, & Catts, 2001). In a review Adams (1990) suggested 

that the relationship between PA and reading ability is bi-directional. Thus individual 

differences in children’s sensitivity to the sound structure of oral language influence the 

development of subsequent individual differences in reading skills and individual 

differences in reading ability influence subsequent individual differences in PA. 

Phonological awareness is not, however, a perfect predictor of reading ability 

(Scarborough, 1998). Some students with poor PA will go on to become good readers 

while others who perform well on PA tasks will go on to become poor readers. A theory 

such as the Double Deficit Hypothesis, which includes a second predictor, may be helpful 

in addressing students not accurately identified using PA.  

PA has been the focus of several decades of research. Both cross-sectional and 

longitudinal studies indicate that PA has a high correlation with and accounts for unique 
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variance in word reading (for review, see Adams, 1990). For example, Wagner et al. 

(1997) explored phonological processing abilities and word-level reading over a five-year 

period from Kindergarten to Grade 4. To test phonological awareness, they used phoneme 

elision, sound categorization, and synthesis tasks. The sound categorization task required 

children to examine a set of four words and to choose the word that lacked a phoneme 

shared by the other three words (Wagner et al.).Wagner et al. found that individual 

differences in phonological processing abilities were stable and as stable as individual 

differences in word-level reading. Furthermore, they found that individual differences in 

phonological awareness substantially influenced subsequent individual differences in 

word-level reading at each testing time after controlling for prior reading ability. In a 

similar study that followed students from Kindergarten to Grade 3, Lambrecht Smith et 

al. (2008)found that phonological awareness in Kindergarten was a good predictor of later 

reading ability. To measure phonological awareness, they used rhyme and phoneme 

elision tasks both before and after the students’ Kindergarten year. They found that when 

they grouped students (n=44) into good and poor readers in Grade 3 based on Word 

Identification, Word Attack, and Passage Comprehension tasks, phonological awareness 

was the only significant Kindergarten predictor pre- and post-Kindergarten. Lambrecht 

Smith et al. also found that a discriminant function that included letter identification, 

sound letter correspondence, rhyme, initial consonant, and naming speed accurately 

predicted group membership in 80.5% of cases pre-Kindergarten and 91.7% of cases 

post-Kindergarten. 

In another longitudinal study, Boscardin, Bengt, Francis, and Baker (2008) 

explored the reading development of children from Kindergarten to Grade 2. The 

researchers tested students on several reading measures at twelve separate time points. 
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Among these measures were phoneme segmentation, phoneme elision, sound 

categorization, first sound comparison, blending onset and rime, blending phonemes into 

words, and blending phonemes into nonwords. The students were put into three distinct 

groups based on their PA in Kindergarten. Students with low, average, and high PA skills 

were placed respectively in Groups 1, 2 and 3. Using growth mixture modeling to explore 

the students’ developmental trajectories, Boscardin et al. found that students in Group 1 

for PA in Kindergarten were also in Group 1 for word reading in Grades 1 and 2. They 

also found that students’ rate of development in Grades 1 and 2 was directly related to 

group status on PA at the end of Kindergarten. 

The clear link between phonological awareness and reading ability led to the 

Phonological Deficit Hypothesis (for review see Pennington, Cardoso-Martins, Green, & 

Lefly, 2001). For many years, this hypothesis has been the most widely accepted theory 

of reading disabilities (McCardle et al., 2001). The Phonological Deficit Hypothesis 

posited that most children with reading difficulties have a core phonological deficit that 

impedes their ability to develop phonological awareness, which in turn impedes their 

ability to learn the alphabetic principle. The alphabetic principle refers to a child’s 

awareness that written letters represent units of speech and is essential for decoding 

(Adams, 1990). The Phonological Deficit Hypothesis is supported by the many studies 

that have found a strong correlation between phonological processing difficulties and 

later reading difficulty. It has been argued, however, that parsimonious theories such as 

this one are insufficient in dealing with the heterogeneity of reading disabilities and the 

complexities of reading breakdown (McCardle et al.). Because the Phonological Deficit 

Hypothesis cannot explain reading difficulties in all children, exploration of other theories 

such as the DDH are necessary. 
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Naming Speed 

Naming speed (NS) is a second predictor that has received considerable attention. 

NS refers to the speed at which an individual can retrieve and articulate the names of 

serially presented objects, digits, colours, or letters (see Figure 1). Researchers have 

found that children’s speed of naming these stimuli predicts both concurrent and later 

reading ability (Bowers, 1995; Kirby et al., 2003; Georgiou, Parrila & Kirby, 2006; 

Scarborough, 1998). Alphanumeric stimuli, such as letters and digits, have been found to 

better predict reading ability than non-alphanumeric stimuli, such as colours and objects 

(Compton, 2003).Naming speed has also been found to uniquely predict reading 

achievement even when controlling for SES, IQ, and PA (Wolf et al., 2002). Although 

NS has been associated with reading ability, researchers admit that they do not yet have a 

complete understanding of how NS influences reading and how this influence changes 

over time (Georgiou et al.).  Wolf et al. (2000) offered two hypotheses for the link 

between NS and reading. The first hypothesis considers that NS and reading may be 

linked through orthographic processing. The second hypothesis posits that NS may be 

connected to a larger, systematic timing deficit (Wolf et al.). Several other theories exist 

regarding the relationship between NS and reading ability. Wagner, Torgesen, and 

Rashotte (1994) conceptualized NS as an important phonological processing ability. Kail, 

Hall and Caskey (1999), on the other hand, suggested that NS is linked to general 

processing skill. Clearly, there is still a great deal researchers do not understand about the 

underlying processes of this construct and how it is related to reading ability. 

Many studies have explored NS as a predictor of reading ability. For example, 

Bowers (1995) found that students who were grouped as good and poor readers in Grade 

4 according to their scores on a Word Identification task differed in their ability to name 



 

 10 

serially presented digits and letters at several testing points between Grade 2 to Grade 4. 

She found a significant difference between groups for NS; poor readers had slower NS 

than moderately poor readers but moderately poor and good readers did not differ. A 

significant main effect was also found for symbol type, indicating that letters were named 

more slowly than digits. Schatschneider et al. (2004) found that Kindergarten NS 

accounted for unique variance in reading outcomes in Grades 1 and 2. For example, NS 

accounted for 9% of variance in passage comprehension at the end of Grade 1. This 9% 

was over and above the 18% of variance accounted for by PA. They also found that NS 

accounted for unique variance in word identification and fluency measures. These results 

suggest that NS in Kindergarten can accurately predict both current and future reading 

ability. 

Felton (1992) explored how several predictors of reading achievement in 

Kindergarten predicted group membership of at risk and average achieving readers in 

Grade 3. Felton administered several measures to 221 Kindergarten students. These 

measures included: PA, colour NS, object NS, letter NS, digit NS, coding in working 

memory, alphabet recitation, general ability, and finger localization. The outcome 

measure was students’ performance on the vocabulary and comprehension portions of the 

California Achievement Test. Based on this outcome measure, students were classified as 

disabled readers, superior readers, poor readers, or average readers. Using predictive 

discriminant analysis, Felton found that the Kindergarten predictors of letter naming, 

general ability, and PA accurately classified 100% of disabled readers, 89% of superior 

readers, 76% of poor readers and 78% of average readers. These findings suggest that this 

set of predictors successfully predicted later reading success in this sample of children. 
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There has been some evidence to suggest that NS is a predictor only for poor 

readers (McBride-Chang & Manis, 1996; Johnston & Kirby, 2006). McBride-Chang and 

Manis explored the relationship between NS and word reading ability in good and poor 

readers. From a broader sample, grade three and four students were separated into groups 

of good and poor readers based on their scores on the Wide Range Achievement Test 

(WRAT) Word Attack task. Students below the 25th percentile on the WRAT were 

identified as poor readers (N=51) while students above the 50th percentile were identified 

as good readers (N=74). Students between the 25th and 49th percentile were excluded from 

the study. Using covariance matrices to test the Double Deficit Hypothesis, McBride-

Chang and Manis found that a structural equation model that allowed variance between 

the associations of NS and PA to word reading was a better fit than a model that specified 

that the associations were equal. Furthermore, they found that PA and NS accounted for 

unique variance only in poor readers. These findings are important for the present study 

as they suggest that NS may be a better predictor for students in the deficit groups rather 

than in the DA group. 

Double Deficit Hypothesis 

Wolf and Bowers (1999) offered the Double Deficit Hypothesis as a means of 

incorporating naming speed deficits into the existing body of research on phonological 

awareness. Table 2 illustrates the four implied categories of the DDH: average, NS 

deficit, PA deficit, and double deficit. Research suggests students with a double deficit 

are the most severely impaired readers (for review see Vukovic et al., 2009). 

Since the introduction of this hypothesis, there has been some research devoted to 

its examination. This research has both supported and challenged the theory. While some 

researchers report little evidence to support the hypothesis, others report findings that not 
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only support the claims of Wolf and Bowers (1999) but also suggest that this hypothesis 

has important implications for both early identification and intervention.  

Table 2  

Double Deficit Hypothesis Groups  
 
Average 

 
Naming speed deficit 

Average phonological awareness 
Average naming speed 
 

Intact phonological awareness 
Naming speed deficit 
 

 
Phonological deficit 
 

 
Double-deficit 

Phonological awareness deficit 
Intact naming speed 

Phonological awareness deficit 
Naming speed deficit 

 

In a recent study, Vaessen et al. (2009) challenged the Double Deficit Hypothesis 

by disputing both that a second core deficit exists and that students in the DD group are 

more impaired than their counterparts in the single deficit groups. Using data from 

students ranging in age from Grades 1 to 6 who were identified with severe reading 

and/or spelling problems, they found that NS did not predict significant variance in word 

reading accuracy after controlling for age, IQ, and PA accuracy and speed. This result 

does not support the findings of other studies that have found that NS predicts unique 

variance in concurrent and future word reading accuracy (for review, see Wolf et al., 

2000). This finding may be due to their inclusion of a control for PA speed. Controlling 

for PA speed is atypical and may be accessing a similar construct to NS. Vaessen et al. 

also divided students into the four deficit groups to explore the prevalence of single NS 

deficits within the sample. They found that 9 out of a total of 162 students had a single 

NS deficit independent of a deficit in PA. Although only a small fraction of children were 

found to exhibit a ND only, these findings do not refute the existence of a ND group. 
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Vaessen et al. also explored differences in reading ability between subgroups. They found 

a main effect for pseudoword reading speed and real word accuracy. The DD group was 

slower than the single PD group on pseudoword reading and the ND group made 

significantly fewer errors than the DD group on the word reading task. Although Vaessen 

and his colleagues did not find overwhelming support for the DDH, their findings cannot 

be dismissed. Their findings of both single deficits in NS and differences between 

subgroups require further investigation. 

Several researchers have found evidence for NS deficits independent of 

phonological deficits and that students can be classified into the four groups of the 

Double Deficit Hypothesis. Kirby et al. (2003) offered such evidence when they explored 

the Double Deficit Hypothesis from two perspectives. Firstly, they examined how 

continuous variables of NS and PA in Kindergarten predicted future reading 

development. Secondly, they examined the reading development of children grouped 

according to the Double Deficit Hypothesis. For the first study, Kirby et al. tracked a 

group of children over a six year period, from Kindergarten through Grade 5. Four 

measures of PA, two measures of NS, two tests of general mental ability and initial 

achievement, letter recognition, pseudoword reading, and real word reading were 

administered in Kindergarten. Using a hierarchical regression analysis, Kirby et al. found 

that PA and NS accounted for unique variance after controlling for general mental ability 

and initial achievement using measures of Figure Memory, Verbal-Spatial Relations, and 

Letter Recognition. They also found that PA was an especially good predictor in both 

Kindergarten and Grade 1, with this effect decreasing over time. NS had a weaker 

relationship with reading in Kindergarten and Grade 1, with much stronger effects in 

older grades. 
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In the second part of their study, Kirby et al. (2003) examined the groupings of the 

Double Deficit Hypothesis. Principal-axis factor analysis was used to determine how 

many distinct factors were defined by the six measured predictor variables used in their 

first study. The researchers found two distinct factors: NS and PA. Based on these factor 

scores, deficit groups were formed. Kirby et al. found that four distinct groups could be 

formed and that the groups differed as predicted on the two factor scores. The results 

indicated that the typically achieving students performed well over the course of the 

study. Those with a phonological deficit performed poorly at the beginning of the study 

but approached the typically achieving students in later grades, and the students in the ND 

and DD groups performed consistently poorly throughout the study. Finally, Kirby et al. 

examined reading development within each group. They found that there was a clear 

tendency for students in the DD group to develop reading difficulties. What cannot be 

determined, however, from the Kirby et al. study is how stable the DDH groups were over 

time. The present study will explore this stability from Kindergarten to Grade 2. 

Little research has addressed the stability of subgroup membership over time. The 

only study of its kind, by Spector (2005), explored stability of DDH group membership in 

Grade 1 students. Specifically, she explored the stability of group membership between 

the fall and spring of Grade 1. She divided a sample of 197 students into DA, PD, ND, 

and DD groups. She determined that students were in a deficit group if they performed 1 

standard deviation below the group mean on measures of PA and NS. She found that 

group membership was not stable between the two time points: although 80% of students 

identified with a deficit in the fall also presented with a deficit in the spring, fewer than 

half had the same profile at both time points. Only 30% of the ND group in the fall were 

still ND in the spring, the PD group was the most stable with nearly 65% remaining in the 
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PD group at both testing times. To test reading ability, Spector used the Text Level 

measure from Clay’s Observation Survey (1993), which assessed oral reading accuracy. 

This measure is from the Reading Recovery program and is a running record. It is used to 

record a child’s reading behaviours and to determine an appropriate level of text 

difficulty. She also used a letter-naming test to assess print exposure in the fall of Grade 

1. With respect to text level reading ability, she found that students in the DD group were 

the lowest performing overall. Students in the DD group scored lower on text level 

reading than the other three subtypes in the fall. She did not perform statistical tests of 

significance in the fall because there was a floor effect on text level. In the spring, the PD 

group scored lower than the DA group but was not significantly different than the ND 

group. The ND group was not significantly more impaired on text level reading than the 

DA group. To test differences in spring text level reading by fall subtype, Spector 

conducted an ANCOVA controlling for fall letter-name knowledge. She found that there 

was a small, but significant, effect of fall subtype on spring reading level but post-hoc 

analyses failed to detect significant differences between groups. The present study will 

explore group membership both before and after Grade 1 and will provide a more 

comprehensive picture of stability over time.  

Researchers have examined the statistical implications of grouping students 

according to the Double Deficit Hypothesis. Schatschneider, Carlson, Francis, Foorman, 

and Fletcher (2002) had concerns about the consequences of grouping children into 

categories based on predictors that are correlated with each other. Schatschneider et al. 

found a moderate correlation between PA and NS in both Grade 1 (r = .44) and Grade 2 

(r = .33). They also found that students in the DD group had significantly lower PA and 

NS skills than those in either of the single deficit groups. They posited that students in the 
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DD group may have performed worse than the single deficit groups because of this 

artifact. Compton, DeFries, and Olson (2001) explored the additive nature of PA and NS 

and addressed Schatschneider et al.’s concerns. Compton et al. noted that the DDH 

assumes that NS and PA are separable sources of reading disability and students in the 

DD group are expected to be the most severely impaired group, implying that PA and NS 

have an additive negative influence on reading performance above and beyond the single 

deficit. To address this issue, Compton et al. divided reading disabled students two ways. 

First, they used a cut-off of greater than 1.5 SD units below age-peers. They found that 

students in the DD group performed significantly lower on PA than the PD group did and 

significantly lower on the NS task than the ND group. To address this discrepancy, 

Compton et al. used a matching procedure to ensure that only students whose NS and PA 

fell between -1.5 and -2.5 standard deviations were included. This procedure eliminated 

the most severely impaired readers. When the matching procedure was used, the DD 

group no longer performed significantly below the single deficit groups. Instead, the DD 

performed below the PD group on timed word reading and comprehension and below the 

ND group on non-word reading tasks. These results suggest that there is an additive effect 

of PA and NS but that subgroups should be formed with caution.  

Lovett, Steinbach, & Frijters (2000) found further support for the DDH. They 

found that 84% of their sample of reading impaired students could be categorized 

according to the DDH and that 54% were DD, 22% were PD and 24% were ND. Using a 

series of ANOVAs, they found that students in the ND group were the most accomplished 

on word reading accuracy and spelling skills, students in PD were intermediate in 

achievement, and students in the DD group were the most severely impaired. Katzir, Kim, 

Wolf, Morris, and Lovett (2008) explored the DDH and the reading profiles of students 
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within each group. Like Lovett et al., they found a similar pattern of subtyping, with 46% 

of the sample classified as DD, 25% as PD, and 18% as ND; 11% of the sample could not 

be classified. With respect to reading ability, they found that students differed on fluency 

depending on their subgroup. At the word level, students in the DD group performed 

significantly lower than both single deficit groups on measures of Word Identification, 

Word Attack, and the Test of Word Reading Efficiency (TOWRE), and students in the 

PD group significantly outperformed the ND group on the TOWRE task. At the 

connected text level, students in the PD group outperformed students in the DD group on 

all measures, and the PD group outperformed the ND group on the GORT accuracy and 

rate. Thus there have been several studies conducted that confirm the utility of the DDH 

as a useful assessment framework. 

Remediation 

Years of empirical studies on the DDH have led to attempts to use it as a 

framework for remediation. Although the present study does not directly address 

remediation, a short review of these studies is included to provide a context for the 

present research. These studies deserve some attention because without a practical 

application, further research into the DDH seems futile. One of the first attempts at such a 

remediation program was done by Lovett et al. (2000) who divided a group of 181 

impaired readers according to the DDH. The students were then assigned to one of three 

treatment groups: (a) word identification training, (b) phonological analysis and blending/ 

direct instruction, and (c) classroom survival skills. Lovett et al. found that all subgroups 

of the Double Deficit Hypothesis responded to these interventions and showed significant 

improvement in word identification accuracy and nonword reading. This evidence 

suggests that students in all deficit groups can demonstrate a positive response to 
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intervention. Wolf, Miller, and Donnelly (2000) developed the RAVE-O (Retrieval, 

automaticity, vocabulary, elaboration, orthography) program to address the Double 

Deficit Hypothesis. It is a fluency-based approach to intervention that is designed to 

accompany a phonological analysis program. The three main goals of the program are: (a) 

to develop fluency in outcome measures of reading, including word identification, word 

attack, and comprehension, (b) to improve the connection between lexical and sublexical 

levels, particularly for orthographic letter pattern recognition, and (c) to promote positive 

self-concept with respect to reading. This program places particular focus on 

metacognitive tools aimed at decoding and word retrieval. Wolf et al. (2009) reported the 

success of the program in several schools. The RAVE-O program goes beyond traditional 

phonological reading intervention programs to include additional aspects of reading 

including orthography, morphology, syntax, semantic knowledge, fluency, and 

comprehension. When they tested a group of 279 impaired readers in Grades 2 and 3 after 

70 hours of treatment, they found that all students showed significantly better gains on all 

reading outcome measures than their counterparts in classroom control and phonological 

control conditions on reading measures at the word and connected text levels. Students in 

the RAVE-O condition also outperformed controls on measures of comprehension, fluent 

comprehension, and vocabulary knowledge. Taken together, these studies suggest that the 

DDH may have some utility for early intervention practices. 

Current Study 

 Since Wolf and Bowers (1999) offered the Double Deficit Hypothesis, much of 

the research on the hypothesis has focused on PA and NS as predictors of reading ability 

and differences between subgroups. Many of these studies have focused on children with 

reading disabilities in the junior grades. Few studies have focused on the DDH in children 
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as young as Kindergarten and even fewer focus specifically on stability of group 

membership over time. Therefore, using archival data, the current study examined the 

prediction of Grade 2 group membership using Kindergarten reading measures and 

examined the stability of group membership from Kindergarten to Grade 2. This study 

addressed three research questions:  

1. Can measures in Kindergarten accurately predict group membership in Grade 2 

according to the Double Deficit Hypothesis? 

2. Is group membership according to the DDH stable over time? 

3. Is Double-Deficit group membership associated with reading achievement? 

In light of these three research questions, I tested three specific hypotheses. Based on the 

findings of Felton (1992) and Lambrecht Smith et al. (2008), my first hypothesis was that 

early measures of PA, NS, and letter recognition would accurately predict a significant 

percentage of DDH group membership in Grade 2. My second hypothesis was that the 

subgroups would be stable over time although the most movement between groups would 

occur between Kindergarten and Grade 1. This hypothesis is based both on the results of 

Spector (2005), who found moderate stability over the Grade 1 year, and other research 

suggesting stability of reading difficulties over time (for review, see McCardle et al., 

2001). Finally, I predicted that students would differ in reading ability depending on their 

deficit group. Specifically, I hypothesize that students in the ND group will achieve lower 

scores on fluency tasks, students in the PD group will achieve lower scores on 

pseudoword reading tasks, and students in the DD group will be the most impaired 

readers overall. This hypothesis is based on previous findings concerning differences 

across groups (Compton et al., 2001; Lovett et al., 2001; Kirby et al., 2003; Spector, 

2005).
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CHAPTER 3: METHOD 

Participants 

This study examined an extant data set collected from 2002-2005 by Kirby, 

Parrila, and Wade-Woolley in a developmental longitudinal study. The archival data 

collected for this study followed one cohort of children through Kindergarten (N=214), 

Grade 1 (N=176), and Grade 2 (N=155). Approximately 5-17% of students were lost each 

year due to attrition. In the fall of Kindergarten, the researchers recruited 103 children 

from elementary schools in Kingston, ON and 111 children from elementary schools in 

St. Albert, AB. A letter of information was given to parents and signed consent forms 

were returned to the research team. Initially, the researchers recruited over 500 

participants, which were then reduced using purposeful sampling. Students underwent 

screening tests for inclusion in the study. Based on their PA and NS scores, students were 

grouped according to the Double Deficit Hypothesis. Students who scored very high on 

both PA and NS were excluded from the study. The Kindergarten sample included 103 

females and 111 males, with ages ranging from 58 months to 77 months (M = 67.31 

months, SD= 3.84 months).  

Measures 

Kirby et al. (2002-2005) administered many measures over the course of the 

study. These data were collected during the following time periods: the spring of 

Kindergarten, the fall and spring of Grade 1, and the fall of Grade 2. The constructs of 

interest for the present study are: general mental ability, PA, NS, letter knowledge, word 

reading, and reading comprehension. The reliability coefficients reported here are those 

cited in each test’s examiner’s manual.  
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Intelligence Measures 

Two general mental ability measures were used for the study: Raven’s Coloured 

Matrices (Clark, 1958) and Peabody Picture Vocabulary Test – Third Edition (PPVT-III) 

(Dunn & Dunn, 1997). Raven’s Colored Progressive Matrices is a measure of nonverbal 

ability for young children. In each item on this test, students were presented with an 

incomplete pattern. They were asked to choose a piece to complete the pattern from a 

number of pieces presented below it. The test was comprised of 36 items. The test-retest 

reliability coefficient for this test is .79 (Clark). The PPVT-III is a test of receptive 

vocabulary. During this test, the examiner orally presented a word and the examinee was 

required to select one of four pictures that best represented that word. The child was 

provided with at least two practice items. The test was administered in sets of 12. Once a 

set was begun, all 12 items were administered. A ceiling set was established for each 

student. The ceiling set was the highest set of items administered containing eight or more 

errors. Once this ceiling set was established, testing was discontinued. The alternate-

forms reliability coefficient, Cronbach’s alpha and odd/even split half reliabilities for this 

test are .95, .95, and .94 respectively (Dunn & Dunn). The general ability measures were 

given in the fall of Kindergarten. 

Phonological Awareness Measures 

Phoneme Elision 

Adapted from the Comprehensive Test of Phonological Processing (CTOPP; 

Wagner, Torgesen, & Rashotte, 1999), this task assessed a student’s ability torepeat a 

word with a specified phoneme deleted. Unlike the CTOPP version, a computer was used 

to present the stimuli and six additional items were included. These items were relatively 

easy items that were included to avoid floor effects in younger children. There were 29 
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items. In each item, the student heard a word, and was asked to repeat it. Then, the 

examinee was asked to repeat it without a specified syllable or phoneme (e. g., toothbrush 

without tooth).  The test was discontinued after three consecutive errors. The test-retest 

reliability for 5-7 year olds on this task is .88 and for 8-17 year olds it is .79 (Wagner et 

al.). This task was administered in Kindergarten, the fall and spring of Grade 1, and the 

fall of Grade 2. 

Word Blending Task 

The Word Blending Task, from the CTOPP (Wagner et al., 1999), assessed a 

student’s ability to create words from parts of words. Students listened to a series of 

separate speech sounds. They were then asked to say the word made when the sounds 

were blended together. The test was discontinued after three consecutive errors. The test-

retest reliability for 5-7 year olds on this task is .88 and for 8-17 year olds it is .72 

(Wagner et al.). This task was administered in Kindergarten, the fall and spring of Grade 

1, and the fall of Grade 2. 

Naming Speed Measures 

Colour Naming 

Kirby et al. (2002-2005) adapted this task from the CTOPP (Wagner et al., 1999) 

to avoid combinations such as “black-brown-blue.” This task was administered using a 

computer. The students were given one practice item with five colours. The student was 

then presented with two screens of 50 patches of colour, five colours repeated ten times 

each. There were five rows and ten columns of five randomly arranged patches of 

colours. The examiner asked the student to name the colours as quickly as possible 

without making a mistake. The score was the number of milliseconds required to name all 

of the colours in order. The colour naming task was administered at all testing times. The 
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test-retest reliability for 5-7 year olds on this task is .75 and for 8-17 year olds it is .89 

(Wagner, 1999). This task was administered in Kindergarten, the fall and spring of Grade 

1, and the fall of Grade 2. 

Object Naming 

For the Object Naming task, from the CTOPP (Wagner et al., 1999), students 

were asked to name a series of six common objects (e.g. chair, fish). Students were given 

one practice item with six objects. Students were asked to name 36 stimuli, six objects 

repeated six times, as fast as they could without making a mistake. The items were 

arranged in four rows and nine columns. The student’s score was recorded in tenths of a 

second using a stopwatch. The object naming task was administered in all grades using a 

paper based test. The test-retest reliability for 5-7 year olds on this task is .77 and for 8-17 

year olds it is .93 (Wagner, 1999). This task was administered in Kindergarten, the fall 

and spring of Grade 1, and the fall of Grade 2. 

Digit Naming 

Similar to the Colour Naming task, the Digit Naming task was done using a 

computer and was adapted from the CTOPP (Wagner et al., 1999). The students were 

given one practice item with five digits. They were then presented with two screens of 36 

single-numeral digits. There were four rows and nine columns of six randomly arranged 

digits. The students were instructed to name the digits as fast they could without making a 

mistake. The score was the student’s time in milliseconds. test-retest reliability for 5-7 

year olds on this task is .91 and for 8-17 year olds it is .80 (Wagner, 1999). This task was 

administered in the fall and spring of Grade 1, and the fall of Grade 2. 

 

 



 

 24 

Letter Naming 

The Letter Naming task was taken from the CTOPP (Wagner et al., 1999). 

Students were asked to name a series of six letters. Students were given one practice item 

with six letters. Students were asked to name 36 letters, six letters, repeated six times, as 

fast as they could without making a mistake. The items were arranged in four rows and 

nine columns. The student’s score was recorded in tenths of a second using a stopwatch. 

The test-retest reliability for 5-7 year olds on this task is .97 and for 8-17 year olds it is 

.72 (Wagner, 1999). This task was administered using a paper form in the fall and spring 

of Grade 1, and fall of Grade 2. 

Letter Knowledge Measures 

Letter Sounds 

The letter sound task was done in front of a computer that presented letters one-

by-one in random order. The order of the letters was determined randomly by the 

computer for each student. The students had four practice items. The student’s score was 

the number of items correctly identified. The child wore a microphone and the letter 

remained on the screen until the child made a spoken response. If the child answered five 

consecutive items incorrectly, the experimenter terminated the test. If the child continued 

to identify the letter sounds correctly, the test was terminated when all uppercase letters 

had been displayed. This task was administered in Kindergarten. 

Letter Identification 

The letter identification task was a paper-based test and was taken from the 

Observation Survey of Early Literacy Achievement (Clay, 1993). The students were tested 

in the same manner as the letter sound task, but they were asked to say each letter name. 

The students were given four practice items. The score was the total number of items 
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identified correctly. If the child answered five consecutive items incorrectly, the test was 

terminated. If the child continued to identify the letters correctly, the test was terminated 

when all upper and lowercase letters had been displayed. The test was scored out of 54 

because ‘a’ and ‘g’ were presented in two different fonts. This task was administered in 

Kindergarten. 

Reading Measures 

Word Reading Measures 

Word identification. The Woodcock Word Identification (Form H) task required 

the children to read isolated real words aloud (e.g., is, you, and). If the child did not 

respond within five seconds, the item was marked as incorrect. The item was marked 

correct if the child provided a natural reading of the word within five seconds. The test 

was discontinued when the test taker incorrectly identified six consecutive items. The 

split-half reliability of this task is .98 for Grade 1 students (Woodcock, 1998). This task 

was administered in Kindergarten, the fall and spring of Grade 1, and the fall of Grade 2. 

Word Attack. The Woodcock Word Attacke (Form H) task (Woodcock, 1998; 

Form H) required the children to read isolated pseudowords aloud (e.g., ree, ip, and 

weaf). If the child did not respond within five seconds, the item was marked as incorrect. 

The item was marked correct if the child provided a natural reading of the word within 

five seconds. The test was discontinued when the student incorrectly identified six 

consecutive items (Woodcock). The split-half reliability of this task is .94 for Grade 1 

students (Woodcock). This task was administered in Kindergarten, the fall and spring of 

Grade 1, and the fall of Grade 2. 

Test of Word Reading Efficiency (TOWRE).To test the children’s word reading 

fluency, TOWRE (Torgesen, Wagner, & Rashotte, 1999; Form A) was used. The student 
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was presented with a series of words in order of increasing difficulty. The child was asked 

to read aloud as many words as possible in a 45-second time period. The student’s score 

was the number of words read correctly. This test was administered in Grades 1 and 2. 

The test-retest reliability for this task is .97 (Torgesen et al.). This task was administered 

in the spring of Grade 1 and the fall of Grade 2. 

Connected Text Reading Measures 

Passage comprehension. The passage comprehension task from the Woodcock 

Reading Mastery Test - Revised (Woodcock, 1998, Form H) was used to assess reading 

comprehension. The student was asked to read a series of passages silently. Each passage 

consisted of one to three sentences. The students were asked to identify missing words 

represented by blank lines in the text. The test was discontinued after six consecutive 

errors. The student’s score was simply the number of correct answers. This test was 

administered only in the fall of Grade 2. The split-half reliability of this task is .94 for 

Grade 1 students (Woodcock). 

Gray Oral Reading Test (GORT). Reading speed and oral reading were assessed 

using the GORT. Each participant was asked to read two passages aloud. The 

administrator circled any words that were provided by the administrator, put a line 

through omitted words, and put an “X” on errors. The score consisted of the time for the 

first passage, the time for both passages, the number of errors and omissions in the first 

story, the number of words provided in the first story (with a maximum of four), errors 

and omissions in the second story, and the number of words provided in the second story. 

This test was administered in the spring of Grade 1 and the fall of Grade 2. The internal 

consistency reliability coefficient for this task was .92 for the rate measure (Wiederholt & 

Bryant, 2001). 
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Procedure 

The experimenters distributed letters of information (Appendix A) and consent 

forms (Appendix B) to the parents of participating children in Kindergarten, Grade 1, and 

Grade 2. Examiners administered the measures in a quiet room in the child’s school. 

Word Identification, Letter Sound Knowledge, Colour Naming, Digit Naming, and 

Phoneme Elision were administered using a computer while the other measures were 

administered using paper and pencil. There were 2 to 4 sessions per year, lasting from 30 

to 60 min depending on the child’s interest and ability. 
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CHAPTER 4: RESULTS 

Descriptive Statistics 

Tables 3 and 4 provide the descriptive statistics for the raw scores of phonological 

awareness and naming speed. Because the distributions of many of these measures were 

skewed, and because normality is one of the assumptions of many analyses, the scores 

were transformed to ensure a normal distribution. These transformed scores were used for 

some of the analyses in this study. According to Tabachnick and Fidell (2000), an alpha 

level of 0.01 is a conservative measure of significance of skewness and kurtosis. Thus I 

used a criterion of .01 on the z distribution to indicate a violation of normality, meaning 

that I considered a measure non-normal if the absolute value of skewness and kurtosis 

exceeded 3.09 when divided by the standard error of the statistic. Appendix C provides 

the descriptive statistics for the transformed scores of PA and NS measures. Tabachnick 

and Fidell recommended a particular sequence of transformations, beginning with a 

square root transformation, followed by a logarithmic transformation, followed by an 

inverse transformation. I used this sequence and tested the significance of the skewness 

after each transformation. The inverse transformations of the NS tasks changed the scores 

from indicating naming time to indicating naming speed. This means that, after 

transformation, higher scores on the NS tasks indicated faster naming. For PA, no inverse 

transformations were required as square root and log transformations were sufficient to 

achieve normality. For the analyses conducted in this study, inverse transformations were 

used for Kindergarten measures of NS and a square root transformation was required for 

Kindergarten Word Blending. Raw scores for PA and NS measures are provided in 

Tables 3 and 4. Transformed Kindergarten scores were used for the discriminant analysis 

and composite scores were used for the formation of groups.  
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Several students were lost over the course of the study due to attrition. For the 

longitudinal analyses, only students who were in the study for the entire study were 

included. Hence for the discriminant analysis, only the students still in the study in Grade 

2 were included. For the description of movement between groups over time, the total 

number of students varied and reflected the total number of students in each group at each 

time point. Similarly, for the ANOVAs, the number of students varied across years. 

 
Table 3 
 
Raw Score Descriptive Statistics of PA Measures 
Measure 
 

N Mean SD Skewness SE Kurtosis SE 

Kindergarten 
 

       

Phoneme Elision 
 214 5.54 3.21 .68 .17 .44 .33 
Word Blending 
 212 6.88 4.79 .51 .17 -.66 .33 

 

Grade 1 Fall 
 

       

Phoneme Elision 
 

183 10.28 4.22 .09 .18 -.62 .36 

Word Blending 
 

187 10.34 5.39 .23 .18 -.29 .35 

 

Grade 1 Spring 
 

       

Phoneme Elision 
 

183 11.50 3.97 -.32 .18 -.17 .36 

Word Blending 
 

183 14.09 6.03 -.03 .18 .014 .36 

Grade 2 
 

       

Phoneme Elision 
 

161 11.48 3.56 -.41 .19 .43 .38 

Word Blending 
 
 

162 16.43 6.41 -.08 .19 -.38 .38 
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Table 4 
 

       

Raw Score Descriptive Statistics of NS Measures    
Measure 
 

N Mean1 SD Skewness SE Kurtosis SE 

Kindergarten 
 

       

Object Naming 
 

214 111.65 36.69 .91 .17 .43 .33 

Colour Naming 
 

209 156.25 61.35 1.95 .17 4.72 .34 

 

Grade 1 Fall 
 

       

Object Naming 
 

184 102.71 42.65 1.86 .18 3.51 .36 

Colour Naming 
 

186 132.10 51.85 2.69 .18 10.93 .36 

Letter Naming 
 

177 74.39 27.40 1.72 .18 4.03 .36 

Digit Naming 
 

170 77.90 41.11 2.48 .19 7.24 .37 

 

Grade 1 Spring 
 

       

Object Naming 
 

183 94.93 32.94 1.92 .18 6.76 .36 

Colour Naming 
 

181 125.40 43.50 1.88 .18 4.24 .36 

Letter Naming 
 

180 64.66 27.21 2.33 .18 6.53 .36 

Digit Naming 
 

176 62.18 30.88 3.88 .18 21.67 .36 

Grade 2 
 

       

Object Naming 
 

160 80.94 24.74 1.49 .19 3.38 .38 

Colour Naming 
 

159 117.10 33.08 .90 .19 .42 .38 

Letter Naming 
 

160 55.27 21.16 2.16 .19 5.62 .38 

Digit Naming 
 

158 55.63 21.38 1.86 .19 4.13 .38 

1 Measured in seconds 
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Table 5 provides the descriptive statistics for the other reading measures 

administered over the three-year period. As detailed in the table, the scores for several 

measures were skewed. These scores were also transformed using the .01 criterion 

recommended by Tabachnick and Fidell (2000). The following measures required 

transformation: Kindergarten Letter Sound Recognition, Kindergarten Letter 

Identification, Kindergarten Word Identification, Fall of Grade 1 Word Attack, Fall of 

Grade 1 Word Identification. Appendix D provides the descriptive statistics for the 

transformed scores of these reading measures. These transformations brought the 

skewness values down to acceptable levels. These transformed scores were used for the 

remainder of my analyses.  

Table 5 
 

       

Raw Score Descriptive Statistics of Reading and Other Measures   
Measure 
 

N Mean SD Skewness SE Kurtosis SE 

Kindergarten 
 

       

IQ 206 17.83 4.54 .18 .17 -.17 .34 
Vocabulary 207 86.96 15.76 .17 .17 .17 .34 
Letter Recognition 214 38.06 15.57 -1.05 .17 -.07 .33 
Letter Sound Recognition 210 14.90 8.66 -.636 .17 -1.07 .33 
Word Identification 213 5.11 10.31 3.239 .17 11.60 .33 

Grade 1 Fall 
 

       

Word Attack 186 4.56 6.02 1.67 .18 2.88 .36 
Word Identification 186 13.65 14.07 1.43 .18 1.92 .36 

Grade 1 Spring 
 

       

Word Attack 183 12.48 9.83 .49 .18 -.87 .36 
Word Identification 183 34.18 17.89 -.15 .18 -.65 .36 
Passage Comprehension 182 16.50 9.89 -.11 .18 -1.10 .36 

Grade 2 
 

       

Word Attack 162 17.22 10.80 .04 .19 -1.20 .38 
Word Identification 159 44.48 19.38 -.46 .19 -.34 .38 
Passage Comprehension 155 22.65 9.73 -.56 .20 -.55 .39 
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Reliability 

 Correlations were conducted to address the test-retest reliability of the measures. 

Transformed scores for object, colour, digit, and letter naming were correlated with each 

other at each testing time. These raw scores were also correlated across time. The 

correlation between NS measures ranged from .63 to .85. In addition to these correlations, 

the composite scores for NS were correlated across time. A similar procedure was used 

for PA. Scores for Word Blending and Phoneme Elision were correlated with each other 

at each grade level. The PA composite scores were correlated across time. The reliability 

of the GORT task was addressed by correlating the number of words read correctly per 

minute on Story 1 with the number of words read correctly per minute on Story 2. These 

correlation matrices are provided in Appendix E. The correlations indicate that the 

measures were moderately associated. The correlation between Object Naming and 

Colour Naming in Kindergarten was .68. The correlations between NS measures ranged 

from 0.67 to .83 in the fall of Grade 1, .66 to .85 in the spring of Grade 1, and .63 to .81 

in the fall of Grade 2. The correlations between the NS composite scores across time 

ranged from .80 to .89, indicating a strong correlation across time. The correlations 

between Word Blending and Phoneme Elision ranged from .41 to .57. The correlation 

between the PA composite scores from year to year ranged from .72 to .82. These 

correlations indicate that scores on the PA measures were reliable across time. The 

correlations between the two GORT stories ranged from .79 to .94. For Word 

Identification, Word Attack, Passage Comprehension, and the Test of Word Reading 

Efficiency, reliability coefficients were provided in the manuals and are indicated in the 

Method chapter.  
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Z-score Composites 

 To create composite scores for PA and NS, I transformed the raw Elision and Word 

Blending scores into separate z-scores at each grade level. I then averaged the two z-

scores to create a PA composite score at each grade level. The same technique was used 

for NS. These composite scores were used to form deficit groups at all grade levels. 

Discriminant Analysis 

 In order to answer the first research question, whether reading measures in 

Kindergarten could accurately predict group membership according to the DDH in Grade 

2, a series of discriminant analyses was conducted. The outcome variable, group 

membership in Grade 2, was created using the Grade 2 composite scores for NS and PA. I 

used the means of NS and PA to divide the students into four groups: double asset (DA), 

phonological deficit (PD), naming deficit (ND), and double deficit (DD). To avoid 

misclassification, a buffer zone was created between each group. The buffer zone was .25 

of a standard deviation on either side of the mean and was used to ensure that students 

who were very close to the cut-point were not misclassified due to minor differences in 

their scores. Students who fell within the buffer zone were excluded from the analysis. 

Due to these buffer zones, only 93 participants were included in the discriminant analysis. 

Please see Appendix F for a scatter plot of the data, with buffer zones. 

 Several discriminant analyses were conducted using different predictor variables. 

Based on previous research indicating that NS, PA, and letter recognition are good 

Kindergarten predictors of future reading ability (for a review, see Scarborough, 1998), 

these variables were entered into the first discriminant analysis. Kindergarten measures of 

Word Blending, Phoneme Elision, Colour Naming Speed, Object Naming Speed, Letter 

Sound Identification, Letter Identification, and Word Identification were used. Because 
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these measures were skewed, transformed scores were used for the analyses. This analysis 

yielded three discriminant functions, two of which were significant. The first significant 

function, Wilks’ λ = .22, χ2 (21) = 130.01, p < 0.001, had the highest correlations with 

the naming speed variables. The second significant function, Wilks’ λ = .68, χ2 = 34.04, p 

< .001, had the highest correlations with the Phoneme Elision, Word Blending and Letter 

Recognition tasks. These correlations are provided in the structure matrix in Table 6. A 

chart of the group centroids for this analysis is provided in Figure 2. The symbols 

represent each student’s Grade 2 group membership. This figure indicates that the two 

functions are clearly discriminating between the four groups of students: the first function 

discriminates between the DA and DD groups, and the second between the PD and ND 

groups. Overall, 69.9% of students were accurately classified according to the double 

deficit hypothesis using Kindergarten predictors of NS, PA, letter recognition, and word 

reading (see Table 7). As the table illustrates, the predictor variables were especially good 

at predicting group membership in the double deficit and double asset groups, accurately 

predicting 84.4% and 92.9% respectively. Prediction for the single deficit groups was less 

accurate, with the functions accurately predicting group membership for the PD group 

44.4% of the time and 25% of the time for the ND group. Furthermore, 38.9% of students 

who were in the PD group in Grade 2 were predicted to be in the DA group and 41.7% of 

students who were in the ND group were predicted to be in the DA group. It is possible 

that the predictor variables in Kindergarten are not accurately detecting these deficits 

from an early age, indicating that these students are performing like their DA peers in 

Kindergarten.  
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Table 6 

 
Structure Matrix for Discriminant Functions: Analysis 1 
 
 
Predictor Variable 

Function 
 
1 

 
2 

 
Colour Naming 

.72* -.55 

 
Object Naming 

.64* -.37 

 
Letter Sounds 

.45* .38 

 
Word Blending 
 

.38 .46* 

 
Phoneme Elision 

.54 .63* 

 
Letter Recognition 

.56 .52* 

 
Word ID 

.49 .43 

*Largest absolute correlation between each variable and any discriminant function 
 

Table 7 

Classification Results for Discriminant Analysis 1 
 Predicted Group Membership 
Actual Group DA PD ND DD Total 

DA 25 6 1 0 32 

PD 7 8 0 3 18 

ND 5 0 3 4 12 

DD 1 1 0 29 31 

Total 38 15 4 36 93 

Note: 69.9% of original grouped cases correctly classified.   



 

 36 

 
Figure 2. Group centroids for discriminant analysis 1 
  

To examine whether fewer predictors could accurately predict group membership 

in Grade 2, I performed a second discriminant analysis using only the NS and PA 

predictor variables. These results yielded a slightly lower classification rate, with 66.7% 

of original cases being correctly classified. Again two out of three discriminant functions 

were significant. The first significant function, λ = .26, χ2 (12) = 117.72, p< 0.001, had 

the highest correlations with the naming speed variables. The second significant function, 

Wilks’ λ = .73, χ2 (6) = 27.67, p < .001, had the highest correlations with Phoneme 

Elision and Word Blending. These correlations are provided in Table 8.  Figure 3 

provides a chart of the group centroids for the second discriminant analysis. Again, the 
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chart illustrates that the two discriminant functions are accurately discriminating between 

the four groups and the symbols represent each student’s Grade 2 group membership. 

Table 9 illustrates the accuracy with which these discriminant functions predicted group 

membership, again with the first function discriminating the DD from the DA, and the 

second the PD from the ND. Again, the two functions were most successful for the 

double asset and double deficit groups with accurate classification for 75% and 90.3% of 

students respectively. This analysis accurately predicted group membership slightly better 

than the first analysis for students in the PD group, with 38.9% of students accurately 

classified. For students in the ND group, however, even fewer students were accurately 

classified, with a success rate of only 25.0%.  

Table 8 

Structure Matrix for Discriminant Functions: Analysis 2 
 
 
Predictor Variable 

Function 
 
1 

 
2 

Colour Naming .79* -.48 

Object Naming .69* -.29 

Word Blending .39 .56* 

Phoneme Elision .54 .76* 

*Largest absolute correlation between each variable and any discriminant function 
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Table 9 

Classification Results for Discriminant Analysis 2 
 Predicted Group Membership 
Actual Group DA PD ND DD Total 

DA 24 6 2 0 32 

PD 7 7 0 4 18 

ND 5 0 3 4 12 

DD 1 2 0 28 31 

Total 37 15 5 36 93 

Note: 66.7% of original grouped cases correctly classified.   
 
 

 

Figure 3. Group centroids for discriminant analysis 2 
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Stability of Group Membership 

 To explore the stability of group membership over time, two descriptive 

techniques were employed, contingency tables (Glass & Hopkins, 1984) and graph theory 

(Winne, 1994). The contingency tables provided in Tables 10, 11, and 12 illustrate the 

movement between groups between Kindergarten and the fall of Grade 1, the fall of 

Grade 1 and the spring of Grade 1, and the spring of Grade 1 and the fall of Grade 2; 

Table 13 illustrates the movement between groups between Kindergarten and the fall of 

Grade 2. The diagonal in the tables provides the number of students who remained in the 

same group from one time point to the next. For instance, 27 students who were in the 

DA group in Kindergarten remained in the DA group in the fall of Grade 1, 4 students 

who were in the DA group in Kindergarten moved into the PD group in Grade 1, and 12 

moved into the buffer zone (not categorized). 

The double asset and double deficit groups were the largest groups at each testing 

time. The PD and ND groups were smaller groups but demonstrated the most movement. 

Students who fell within the buffer zone are included in the contingency tables under “not 

categorized”. These columns provide an indication of the number of students moving in 

and out of the subgroups from the buffer zone across time. There were between 38 and 39 

students in the buffer zone at each time point. The contingency tables indicate that the 

most movement between groups occurred between Kindergarten and Grade 1 with 8 

students moving from the PD to the DA group, 4 students moving from the PD group to 

the DA group and 3 students moving from the DD to the ND group. There was evidence 

for excellent stability in the double asset and double deficit groups throughout the study. 

Between Kindergarten and the fall of Grade 1, 27 students out of 44 students in the DA 

group in Kindergarten remained in the DA group in Grade 1, with only four moving into 



 

 40 

the PD group. Similarly, 25 out of 42 students identified in the DD group in Kindergarten 

remained in the DD group in Grade 1 with only 5 students moving into a single deficit 

groups. Between the fall and spring of Grade 1, 27 out of 42 students identified in the DA 

group in the fall remained in the DA group in the spring, and 30 of the 37 students 

identified in the DD group in the fall remained in the DD group in the spring. Between 

the spring of Grade 1 and the fall of Grade 2, 17 of the 36 students identified in the DA 

group in Grade 1 remained in the DA group in Grade 2 and 18 of the 34 students 

identified in the DD group in Grade 1 remained in the DD group in Grade 2. 

 
Table 10 

Movement Between Groups from Kindergarten to Fall of Grade 1 
 
 
 

Fall Grade 1 

 DA PD ND DD Not 

Categorized 

Kindergarten 

DA  27 4 0 0 13 

PD  8 6 0 0 12 

ND  2 0 4 1 6 

DD  0 2 3 25 12 

Not 

Categorized 

19 7 2 14 39 
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Table 11 
 

Movement Between Groups from Fall Grade 1 to Spring Grade 1 
 
 
 

Spring Grade 1 

 DA PD ND DD Not 

Categorized 

Fall Grade 
1 

DA  27 2 3 0 20 

PD  2 7 1 1 8 

ND  0 0 7 0 2 

DD  0 0 1 30 6 

Not 

Categorized  
6 2 13 6 38 

 

 

 
Table 12 

 
Movement Between Groups from Spring Grade 1 to Fall Grade 2 
 
 
 

Fall Grade 2 

 DA PD ND DD Not 

Categorized 

Spring  
Grade 1 

DA  21 2 0 0 6 

PD  0 7 0 1 2 

ND  2 0 8 1 12 

DD  0 0 0 27 10 

Not 

Categorized  
7 9 4 2 39 

 
 
 
 



 

 42 

 
Table 13 

 
Movement Between Groups from Kindergarten to Fall of Grade 2 
 
 
 

Fall Grade 2 

 DA PD ND DD Not 

Categorized 

Kindergarten 

DA  17 3 3 1 12 

PD  5 6 0 0 12 

ND  0 0 3 1 9 

DD  0 2 2 18 12 

Not 

Categorized  
10 7 3 11 25 

 
  

According to Winne et al. (1994), graph theory can be used to “represent 

information in terms of a finite set of elements and relationships among the elements” (p. 

183). In a 1994 paper, Winne et al. used graph theory as a visual representation of 

students’ study actions. Although they were not addressing the double deficit hypothesis, 

this technique can be easily modified to address data concerned with group membership. 

This technique allowed me to demonstrate the movement between groups over time. 

Figures 4 through 7 are graphs adapted from Winne et al.’s work. The circles represent 

the subgroups and the arrows indicate movement between the groups. The numbers 

represent the individuals who moved from one group to another and who remained in the 

same group. Students who fell within the buffer zone are not represented in the figures 

but these totals are provided in the contingency tables above.  
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Figure 4 provides a visual representation of movement between groups from 

Kindergarten to the Fall of Grade 1. This figure indicates that there are a large number of 

students who remained in each group from one time point to the next. There were an 

especially large number of students who remained in the double asset and double deficit 

groups between Kindergarten and Grade 1.  Interestingly, there were 8 students who 

moved from the phonological deficit group into the double asset group between the two 

time points (as is also shown in Table 9). Because it is widely accepted that phonological 

awareness can be taught (for review see Adams, 1990), it is possible that these students 

had benefited from direct or incidental instruction in phonological awareness during their 

Kindergarten year. Similarly, there were 4 students who moved from the double deficit 

group into the single naming speed group who may have benefited from the same 

experience.  
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Figure 4.  Movement between groups: Kindergarten to fall of Grade 1 
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Figure 5 provides a visual representation of the movement between the fall of 

Grade 1 and the spring of Grade 1. This figure indicates less movement between these 

two time points than from Kindergarten to Grade 1. Again, there were many students who 

remained in the same subgroup from one testing time to the next and few students who 

moved between groups. There was less movement from the phonological deficit group 

into the double asset groups than from the DA group into the PD group. Three students 

moved from the DA into the naming deficit group between the two testing times. One 

student moved from the PD group into the ND group between these two testing times. 

This student was the only one of his kind for the duration of the study. This unexpected 

movement could be due to any number of reasons including testing error, subject-specific 

testing issues or an actual change in phonological awareness or naming speed. 
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Figure 5. Movement between groups: Fall of Grade 1 to spring of Grade 1 
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Figure 6 offers a representation of the movement from the spring of Grade 1 to the 

fall of Grade 2. The groups remained fairly stable between these two testing times. Again, 

there was no movement from the double asset to the double deficit group or vice versa. 

There was also no movement from the phonological deficit to the naming speed deficit 

group. Furthermore, there was no movement from the phonological deficit group into the 

naming deficit group between these testing times. In the fall of Grade 2, there were very 

few students who moved from the double asset into the phonological deficit or naming 

deficit groups and two students moved from naming deficit group into the double asset 

group. Interestingly, there were only six students who moved from one subgroup to 

another between these two testing times.  
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Figure 6. Movement between Groups: Spring of Grade 1 to fall of Grade 2 

PD 
10 

DA 
29 

DD 
37 

ND 
23 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 46 

Finally, Figure 7 provides an overall representation of the total number of 

movements made throughout the duration of the study. The arrows again represent 

movement between groups but the numbers represent the total number of students that 

moved from one group to another at any point in the study and the total number of 

students that remained in the same subgroup at any point in the study. This figure 

indicates that there is relatively minimal movement between subgroups when compared 

to the number of students that remained in the same group from one testing time to the 

next.  
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It is important to address the number of students who moved in and out of the 

buffer zone over the course of the study. The number of students who moved in and out 

of the buffer zone between testing times is provided in Tables 9-12. The assumption 

should not be made that the same students are represented throughout the entirety of the 

study.  

Differences in Reading Ability between Groups 

Analyses of variance (ANOVAs) were conducted to compare the four double 

deficit groups (raw means and SDs shown in Table 14, but transformed data were 

analyzed) and Bonferroni post-hoc tests were conducted if the overall ANOVA was 

significant. These analyses were conducted to address differences in reading ability 

between groups. This was a necessary analysis because finding group stability without 

differences in reading ability has little practical utility. In Kindergarten, a significant 

difference between groups was found for Letter Recognition, F (3,133) = 33.56, p<  .001, 

partial ç2 = .43. Letter Sounds, F (3, 129) = 16.83, p<0.001, ç2= .28, and Word 

Identification, F (3, 132) = 34.74, p< .001, partial ç2= .44. In the spring of Grade 1 

significant difference were found between groups for Word Identification, F (3, 105) = 

57.13, p< .001, partial η2= .62, for Word Attack, F (3, 105)  = 40.24, p< .001, partial η2= 

.54, for Passage Comprehension, F (3, 105)  = 63.26, p< .001, partial η2= .65, for GORT, 

F (3, 105) = 55.91, p< .001, partial η2= .62, and for TOWRE, F (3, 105)  = 44.79, p< 

.001, partial η2= .56. Finally, in the fall of Grade 2, a significant difference was found 

between groups for Word Identification, F (3, 85) = 53.04, p< .001, partial η2= .65, for 

Word Attack, F (3, 88) = 61.71, p< .001, partial η2= .68, for Passage Comprehension, F 

(3, 82) = 67.75, p< .001, partial η2= .71, for GORT, F (3, 87) = 43.36, p< .001, partial η2= 
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.60, and for TOWRE, F (3, 87) = 60.23, p< .001, partial η2= .68. Group descriptive 

statistics and post-hoc comparisons are provided in Table 14. 

To address Schatschneider et al.’s (2002) concerns regarding the DD group, I 

explored group differences on PA and NS. Schatschneider et al. said that if the DD group 

scored significantly below the PD group in PA, and significantly below the ND group in 

NS, their impaired reading might not be due to their double deficit. Instead, it may simply 

reflect their extremely low performance on either of the tasks. I conducted ANOVAs to 

explore differences in PA and NS between groups. I found there was a significant 

difference in NS scores between the ND and DD groups at two out of four time points 

and that there was a significant difference in PA scores between the PD and DD groups at 

three out of four time points (analyses provided in Appendix G). These findings suggest 

that the DD groups’ performance may be attributed to their double deficit in PA and NS 

or to their poor performance on either of the tasks. The findings of this study do not 

provide conclusive support for either argument.  
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Table 14       

Descriptive Statistics and Post-hoc Comparisons for ANOVA  
Measure 
 

 DA PD ND DD Post hoc 
comparisons 

 
Kindergarten 

      

 
Word Identification 

      

 N 42 31 15 48  

 Mean (SD) .90 (.23) .35 (.36) .64 (.37) .29 (.30) DA>PD; 
DA, ND>DD 

 
Letter Recognition 

      

 N 42 31 15 49  

 Mean (SD) 1.11 (.35) .71 (.43) .89 (.40) .35 (.33) DA>PD;  
DA, PD, ND>DD 

 
Letter Sounds 

      

 N 41 30 14 48  

 Mean (SD) 3.03 (.96) 1.92 (1.08) 2.54 (1.15) 1.43 (1.19) DA>PD;  
DA, ND>DD 

 
Grade 1 Fall 

      

 
Word Identification 

      

 N 52 19 9 40 
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 Mean (SD) 4.85 (1.48) 2.55 (1.44) 3.37 (1.36) 1.37 (1.15) 
DA>PD,ND, DD; 

PD, ND>DD 

 
 
Word Attack 

 
    

 

 N 52 19 9 40 
 

 Mean (SD) 2.90 (1.18) .75 (.86) 1.41 (1.38) .32 (.68) 
DA>PD, ND, DD;  

ND>DD 

 
Grade 1 Spring 

      
 
Word Identification 

      

 N 35 11 25 38 
 

 Mean (SD) 49.51 (12.40) 31.55 (16.06) 40.00 (11.95) 12.63 (11.65) 
DA>PD, DD;  
PD, ND>DD 

 
Word Attack 

      

 N 35 11 25 38 
 

 Mean (SD) 20.26 (8.45) 8.73 (8.65) 16.76 (7.89) 2.97 (4.32) 
DA>PD, DD; 

ND>DD 
 
Passage 
Comprehension 
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 N 35 11 24 38 
 

 Mean (SD) 25.03 (6.43) 16.18 (9.66) 20.08 (6.87) 4.61 (5.35) 
DA>PD, DD; 
PD, ND>DD 

GORT       

 N 35 11 25 38 
 

 
 
Mean (SD) 
 

9.95 (2.19) 7.45 (2.90) 7.28 (2.23) 3.35 (1.94) 
DA>PD, ND, DD; 

PD, ND>DD 

TOWRE       

 N 35 11 25 37 
 

 Mean (SD) 46.40 (12.89) 29.91 (16.89) 32.08 (13.35) 12.62 (9.49) 
DA>PD, ND, DD; 

PD, ND>DD 

Grade 2       
 
Word Identification 

 
    

 

 N 30 17 12 30 
 

 Mean (SD) 61.90 (12.21) 42.35 (10.82) 52.83 (10.76) 18.97 (16.74) 
DA>PD, DD; 
PD, ND>DD 
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Word Attack 

 N 32 17 12 31 
 

 Mean (SD) 27.47 (7.81) 12.12 (5.41) 21.92 (7.25) 5.03 (6.20) 
DA>PD, DD; 
ND>PD, DD 

 
 
Passage 
Comprehension 

 

    

 

 N 32 17 12 25 
 

 Mean (SD) 30.88 (4.41) 20.24 (7.21) 28.50 (5.55) 9.04 (6.96) 
DA>PD, DD; 

ND>DD 

GORT       

 N 32 17 12 30 
 

 
 
Mean (SD) 
 

128.56 (41.05) 79.68 (36.74) 108.80 (40.53) 25.28 (29.27) 
DA>PD, DD 
PD, ND>DD 

TOWRE       

 N 32 17 12 30 
 

 Mean (SD) 58.22 (12.24) 39.94 (12.14) 48.83 (12.32) 16.60 (12.87) 
DA> PD, ND, DD 

ND, PD > DD 
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CHAPTER 5: DISCUSSION 

The discussion is presented in five sections: research questions, limitations and 

methodological issues, implications for the classroom, future research, and conclusion. 

Research Questions 

Question 1: Prediction of Grade 2 Group Membership using Kindergarten Variables 

 Discriminant analyses were used to determine the extent to which reading 

measures in Kindergarten could predict DDH group membership in Grade 2. Several 

researchers have used this technique to predict group membership of good and poor 

readers. Lambrecht Smith et al. (2008) found that Kindergarten measures of PA, NS, and 

letter knowledge could accurately predict whether students would be good or poor readers 

over 80% of the time. Felton (1992) used this technique to predict groups of disabled, 

poor, average, and superior readers. She also found that Kindergarten measures of PA, 

NS, and letter knowledge could accurately predict group membership in Grade 3. To my 

knowledge, the present study is the first to use discriminant analysis to predict DDH 

group membership.  

Two discriminant analyses were conducted using different Kindergarten predictor 

variables. One analysis used only Kindergarten measures of PA and NS while the other 

also included measures of letter recognition and word reading. Both analyses produced 

two significant discriminant functions. These discriminant functions accurately predicted 

group membership for 67 to 70 % of cases. There was only a slight difference between 

the accuracy of the two analyses. The analysis that included PA, NS, letter recognition, 

and word reading was 3% more accurate than the other analysis. For the first function in 

both analyses, the discriminant coefficients were largest for measures of Object and 

Colour naming while for the second function, they were largest for Word Blending and 
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Phoneme Elision. This indicates that while the first function discriminated using NS, the 

second did so using measures of PA. These results are consistent with the view that NS 

and PA are somewhat independent of each other (Wolf et al., 2002) because they are 

loading on different functions. Furthermore, there is no evidence to suggest that early 

difficulties with PA tasks lead to later NS difficulties or vice versa.  

Because the DA and DD groups were larger than the single deficit groups in 

Grade 2, the discriminant functions for both analyses predicted that the majority of 

students would be in these groups. Thus fewer students were in the single deficit groups. 

There were also more misclassifications in the single deficit groups than in the other two 

groups. Although the percentage of accurate group prediction for the DA and DD groups 

ranged from the 75%-94%, the percentage for the single deficit groups ranged from 25% 

to 44% (see Tables 6 and 8). There are a number of possible reasons for these 

misclassifications. One possibility is that these groups are arbitrary and are based on 

unstable, extreme scores. The other possibility is that the measures for NS changed over 

the course of the study. Research indicates that non-alphanumeric NS stimuli are less 

accurate at predicting reading ability than letters and digits (Compton, 2003). Because 

these stimuli were used in Kindergarten, they may not have been as strong in predicting 

later group membership in Grade 2. Yet another possibility is that students may have 

learned PA over the course of the study and those with initial PA deficits may have 

moved into the DA group. A final possibility is concerned with the size of the single 

deficit groups in Grade 2. As Schatschneider et al. (2002) noted, the single deficit groups 

tend to be smaller and less extreme than the double asset and double deficit groups. 

Because the two groups are so small, one misclassification could have had a large impact 
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on the overall accuracy of classification for the group. Some of these possibilities will be 

discussed in more detail in later sections. 

Question 2: Stability of Group Membership over Time 

 There has been little research devoted to investigating stability of DDH group 

membership over time. Spector (2005) has done the only explicit study on stability of 

DDH groups. She measured NS using the CTOPP (Wagner et al., 1999) objects and 

colours and she measured PA using the Yopp-Singer Test of Phoneme Segmentation 

(Yopp, 1988). She found the groups to be only moderately stable between the beginning 

and end of Grade 1. More specifically, she found that only 30% remained in the ND 

group, 65% remained in the PD group, and 40% remained in the DD group. She did, 

however, find that 80% of students that had some form of a deficit in the fall also had a 

deficit in the spring. Spector’s study differed from the present study in four important 

ways: (a) it focused on only low-performing students, (b) she used cut-points of 1 

standard deviation below the mean on PA and NS, (c) she did not use a buffer zone to 

separate groups, and (d) she used fewer tests of NS and PA, allowing more room for 

error. The present study included both low-performing and average readers, with an 

oversampling of students with low PA and NS. Due to this oversampling of students with 

low PA and NS scores, a cut-point of the mean was used. A buffer zone was also used, to 

avoid misclassification of students close to the cut-points.  

Both contingency tables and graph theory were used to visually represent 

movement between groups in the present study. These visual representations suggest 

moderate stability over time. The most movement occurred between Kindergarten and 

Grade 1. Between these time points, 22.5% of students who were in one of the four 

groups moved from one group to another while 77.5% of students remained in the same 
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group. As the children aged, there was much less movement between groups. Between the 

fall and spring of Grade 1, only 10.1% of students moved to another group and 89.9% 

remained in the same group. Even fewer students moved between groups from the spring 

of Grade 1 to the fall of Grade 2. Only 8.7% of students moved from one subgroup to 

another, with 91.3% remaining in the same subgroup.  

The majority of the movement between Kindergarten and Grade 1 was concerned 

with PA skills. The most movement occurred between the PD and DA groups and 

between the DD and ND groups. 31.8% of students who were in the PD group in 

Kindergarten moved into the DA group in Grade 1 and 9.4% of students who were in the 

DD group in Kindergarten moved into the ND group in Grade 1. It is possible that 

exposure to instruction and/or maturation were responsible for some of this movement. 

Several researchers have found that students benefit from direct instruction in PA (for 

review see Nelson, Benner, & Gonzalez, 2003; Scheule & Boudreau, 2008). It is possible 

that students who had initial difficulty with PA found the stimulation they required at 

school and moved into the average range. It is also possible that some students in the DD 

group benefited from PA exposure and were left with single deficits in NS. As the 

students aged, there was far less movement from the PD to DA groups and the DD to the 

ND groups. From the fall to the spring of Grade 1, only 2 students moved from PD to DA 

and only 1 student moved from DD to ND. Between the spring of Grade 1 and the fall of 

Grade 2, no students moved from the PD to the DA group or from the DD to the ND 

group. This marked stability may provide more support for the notion that early 

development or instruction had an initial impact on the students in the PD group. It is 

possible that children left in the PD group after Kindergarten required more intensive 

instruction than what was offered in their classroom. 
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There was less movement between groups with respect to NS. Between 

Kindergarten and Grade 1, one student moved from the ND to the DD group and two 

moved from the ND to the DA group. This stability was a pattern for students in the ND 

groups across all testing times. Between the fall and spring of Grade 1, no student moved 

out of the ND group into another deficit group. Between Grade 1 and Grade 2, three 

students in the ND group moved into another subgroup. This stability may offer some 

insight into the theories of NS’s relationship with reading. Wagner et al. (1994) linked NS 

to PA. The results of this study suggest that a NS deficit may be more enduring than a PA 

deficit. This finding is especially surprising given that the NS measures changed from 

non-alphanumeric to alphanumeric stimuli. Unlike students in the PD group, students in 

the ND group did not seem to move into the DA group. These findings are consistent with 

other studies that have found that NS deficits are resistant to even direct instruction (de 

Jong, P. & Vrielink, L., 2004). If NS were linked to PA, it seems probable that students in 

the ND group would have matured or responded to instruction in a similar way to the PD 

group. The results of the present study may support Kail et al.’s (1999) theory that NS is 

linked to general processing speed rather than PA. Wolf et al. (2000) offered a third 

theory, that NS is linked to orthographic processing, which is beyond the scope of this 

study. 

Question 3: Differences in Reading Ability across Groups 

 Research on the DDH has found significant differences in reading ability across 

subgroups. When Wolf and Bowers (1999) offered the DDH, they posited that students in 

the DD group would be the most impaired readers. Kirby et al. (2003) found results to 

support this theory. They found that students in the PD group performed poorly at the 

beginning of the study and improved as time went on while students in the ND and DD 
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groups did not improve as much. They also found that students in the DD group tended to 

develop reading difficulties and were the severely impaired readers. In her exploration of 

group stability, Spector (2005) also found that students in the DD group were the most 

impaired readers. She found that the PD group scored significantly lower than the DA 

group but the ND and the DA groups did not differ. Schatschneider et al. (2002) and 

Compton et al. (2001) expressed concerns about the statistical implications of grouping 

students based on two correlated constructs and suggested that students in the DD group 

were more impaired readers because they achieved significantly lower scores on PA tasks 

than the PD group and/or significantly lower scores on NS tasks than the ND group. Thus 

their poor reading might not be due to the additive nature of NS and PA. Instead, it may 

simply reflect their extremely low performance on either of the tasks.   

In the present study, analyses of variance were used to explore differences in 

reading ability across groups.  Overall, the DA group performed consistently better than 

their counterparts in the PD and DD groups. This difference in reading ability between 

the DA and the deficit groups corresponds with the findings of Kirby et al. (2003) and 

Spector (2005). On Word Identification, Word Attack, Passage Comprehension, and 

Letter Recognition tasks, however, there was no difference found between the ND and 

DA groups at some time points (see Table 13). Students in the DD group were more 

impaired than their counterparts in the single deficit groups on measures of Word 

Identification, Letter Recognition, Letter Sounds, Passage Comprehension, and the Test 

of Word Reading Efficiency, with a few exceptions. On the Word Attack task in Grade 1, 

the Letter Sounds task in Kindergarten, and the Passage Comprehension task in Grade 2, 

no significant difference was found between the PD and DD groups. Overall, these results 
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also support others’ findings that the DD group has the most impaired readers (Kirby et 

al.; Lovett et al., 2000; Spector).  

A second important finding was that students in the PD and ND groups differed in 

their performance on some tasks. On the Word Attack task, specifically, students in the 

PD group did not achieve significantly higher scores than students in the DD group at any 

of the testing times. Conversely, students in the ND group scored significantly higher 

than students in the PD and DD groups on the Word Attack task in both the spring of 

Grade 1 and the fall of Grade 2. This finding is consistent with that of Lovett et al. (2000) 

who also found that the ND group outperformed the PD group on the Word Attack task. 

This difference between the PD and ND groups on the pseudoword reading task is 

presumably related to the task’s dependence on decoding skills. Because decoding is 

linked to phonological awareness (Ehri, 1998), it is expected that students with poor PA 

will have difficulty with this task. This finding regarding the Word Attack task has 

important implications. It may provide evidence to support the argument that NS is at 

least partly independent of PA and not merely a subcomponent of the phonological 

processing construct.  

Students in the ND and PD groups also performed differently on the Word 

Identification tasks. In Kindergarten, the spring of Grade 1, and the fall of Grade 2, 

students in the ND group did not perform significantly differently than students in the DA 

group and they consistently outperformed students in the DD group. Conversely, students 

in the PD and DD groups performed consistently below students in the DA group on this 

task. The most likely explanation of this is that students at this level are still primarily 

using decoding skills to read the words on the Word Identification task. According to Ehri 

(1998), there are five phases of word reading: (1) pre-alphabetic, (2) partial-alphabetic, 
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(3) full-alphabetic, (4) consolidated-alphabetic, and (5) automatic-alphabetic. Most 

students in this study would be in either the partial-alphabetic or alphabetic phase. 

According to Ehri, students in these phases do not have many strategies for reading 

unfamiliar words and only have minimal sight word knowledge. It is likely that many 

children in this study were still using letter sound correspondence to read the words. Thus 

students with phonological deficits may be at a disadvantage for both the Word 

Identification and Word Attack tasks. As the students in the ND group have fairly good 

PA skills, they probably used these skills to decode the words. Furthermore, because the 

Word Identification and Word Attack tasks are based on the number of correct responses 

and not the speed with which answers are provided, the ND group was not at a 

disadvantage due to speed.  

Because of the link between NS and fluency (Schatschneider et al., 2004), it was 

expected that students in the ND group would achieve significantly lower scores than 

students in the DA and PD groups on the TOWRE task. Although students in the ND 

group did achieve significantly lower scores than the DA group on this task, there was no 

difference found between the ND and PD groups. One possible explanation is that 

students’ fluency at this level is linked both to speed of processing and decoding. Because 

students were at either the alphabetic or partial alphabetic phase (Ehri, 1998), their 

knowledge of phonics may have been the limiting factor. Students in the PD group would 

have been as affected as students in the ND group. Another possible reason for these 

findings may be the sample sizes of the ND and PD groups. The small groups may have 

weakened the power to the detect differences.  

Schatschneider et al. (2002) and Compton et al. (2001) offered one interpretation 

of students in the DD group performing below the ND and PD groups on reading tasks. 
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Schatschneider et al. (2002) offered that students in the DD group were more impaired 

readers because they have lower PA and NS than students in the single deficit groups. 

Compton et al. found that when they matched the groups on PA and NS, students in the 

DD group were no longer performing significantly below the single deficit groups on 

reading tasks. In the present study the results were not conclusive and suggested that the 

DD group were more impaired than the single deficit group some of the time (see 

Appendix F for analysis). The results of the present study can only offer that students in 

the DD group were more impaired readers. A definitive explanation of the cause of these 

impairments is beyond the scope of this study. 

Overview 

 Overall, the results of this study suggest that DDH groups are moderately stable 

over time. The first hypothesis of the study was that group membership in Grade 2 could 

be predicted from Kindergarten reading measures. The discriminant analyses suggest that 

students’ group can be accurately predicted based on Kindergarten measures of PA, NS, 

letter knowledge, and word identification. The second hypothesis was that groups would 

be stable over time with the most movement between Kindergarten and Grade 1. Results 

suggest that group membership is stable from Kindergarten to Grade 2 with less 

movement in later grades. The final hypothesis was that the four groups would differ in 

reading ability. The groups did differ in reading ability as expected. Students in the DD 

group were the most impaired readers. I hypothesized that students in the ND group 

would achieve lower scores on fluency tasks and students in the PD group would achieve 

lower scores on pseudoword reading tasks. The results indicated that students in the ND 

group outperformed students in the PD group on pseudoword reading only in Grade 2. 
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The results also indicated that there was no significant difference in performance between 

the ND and the PD groups on fluency tasks.  

Limitations and Methodological Issues 

 It is important to discuss some limitations of this study. The use of archival data 

meant that no alterations could be made to the reading tasks specifically for the purposes 

of this study. It may have been helpful, for instance, to collect data before Kindergarten to 

give insight into stability of groups from an earlier age. Furthermore, it may have been 

advantageous to conduct the study using a group of only reading disabled students. A 

sample of individuals with reading disabilities may have allowed for clearer divisions 

between groups and may have demonstrated larger single deficit groups. A larger sample 

size may have also been useful for the purposes of data analysis. Because several students 

were lost to attrition over the course of the study and several were not included in the 

analysis because of the buffer zones, a larger sample would have allowed for larger and 

more definitive groups. 

 One methodological limitation of this study is how the DD groups were formed. 

Whenever groups are formed using a continuous variable, the chosen cut-off point is 

inevitably arbitrary and may pose a risk to subsequent statistical analyses. It is possible 

that using the mean with a buffer zone of .25 standard deviations on either side was too 

high. This may be reflected in the large double deficit group that was formed. Despite the 

fact the researchers’ oversampling of students with poor PA and NS, it is possible that a 

standard cut-off, such as one standard deviation below the mean, would have been a more 

suitable cut-off for the purposes of this study. A lower cut-off would have resulted in a 

smaller DD group. Another way to increase the certainty of group assignment would be to 

widen the buffer zones. This would ensure that students who were near the cut-point 
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would not be categorized. Wider buffer zones in the present study would also result in a 

smaller DD group.  

Implications for the Classroom 

 The results of this study have several implications for the classroom and 

educational practice. The first is related to assessment. This study provides more evidence 

for the importance of early identification. The discriminant analysis performed in this 

study found that nearly 70% of students could be categorized accurately into Grade 2 

DDH groups based on Kindergarten reading measures. In light of the connection 

established between subgroup and reading ability, these findings have important 

implications. This provides evidence for early predictors of reading difficulties and 

indicates that students who exhibit certain characteristics in Kindergarten tend to go on to 

experience reading difficulties later in their school careers. It is important that this 

knowledge be applied to early identification practices and that we ensure that effective 

intervention practices be employed from a very early age. The results from this study add 

to the existing body of research on the DDH because they indicate that subgroups are 

fairly stable between Kindergarten and Grade 2. The results also indicate that students in 

the DD group were likely to remain in the DD group and to be the most impaired readers. 

This is an important finding because it suggests that students with both deficits may be in 

most need of early identification and intervention. 

 The results from this study indicate that students in the ND, PD, and DD groups 

performed differently on reading measures at all grade levels. The fact that the ND group 

outperformed the PD group on the Word Attack task and did not differ from the DA 

group on Word Identification at most time times suggests that students in the ND group 

may need remediation in areas other than PA and word decoding skills. The results 
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suggest that their time might be better spent working on other aspects of reading. These 

findings provide evidence of the need for differentiated instruction for students in each 

subgroup of the DDH. 

Future Research 

 This study has highlighted two key areas that require further research. The first is 

in the stability of group membership over time. It would be useful to explore group 

stability over a longer period of time. It would be especially interesting to explore the 

stability of groups from Kindergarten into the junior grades and even into high school. 

The second area for further research is in early intervention for the DDH. There has been 

some research that indicates programs that target reading skills other than just PA have 

positive outcomes for students in all deficit groups (Wolf et al., 2009). Unlike traditional 

approaches that focus on only PA skills and assist students in the PD group, programs that 

target orthography, morphology, syntax, semantic knowledge, fluency, and 

comprehension have been found to also assist students with ND deficits from Grade 2 

onwards. There has been little research, however, on these early intervention programs in 

students from Kindergarten to Grade 2. Given the results of the current study, such 

programs should be explored for students as young as Kindergarten.  

Conclusions 

 The results of this study add to the growing body of research on the DDH. 

Although the results cannot conclusively address the utility of this hypothesis, they do 

support some aspects of the theory. This study demonstrates that Kindergarten measures 

can be good indicators of later reading impairments and that the DDH groups appear to be 

stable over time. These results also suggest that NS is an important measure to consider 

for the purposes of early identification and that students in the three deficit groups do 
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differ in their performance on reading tasks. It is important to keep these differences in 

mind when identifying students and choosing a reading intervention program that can best 

support their needs.  
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Appendix C 

Table C1 

Transformed Scores for Kindergarten PA and NS 
Measure 

 

Mean SD Skewness SE Kurtosis SE 

Phoneme Blending1 0.37 0.14 -0.29 0.17 -0.69 0.33 

Object Naming2 0.01 0.00 0.00 0.17 -0.41 0.33 

Colour Naming3 2.47 0.64 -0.06 0.17 0.00 0.33 

Note.   1 Square root transformation 
 2 Log transformation 
 3 Inverse transformation
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Appendix D 

Table D1 

Transformed Scores for other Reading Measures   
Measure 
 

N Mean SD Skewness SE Kurtosis SE 

Kindergarten 
 

       

 
Letter Sounds1 
 

210 2.26 1.26 -0.25 0.17 -1.16 0.33 

 
Letter Recognition2 
 

214 0.98 0.46 0.20 0.17 -0.87 0.33 

 
Word Identification3 
 

213 0.53 0.40 0.03 0.17 -1.75 0.33 

 

Grade 1 Fall 
 

       

 
Word Identification1 
 

186 3.12 1.99 0.23 0.18 -0.56 0.36 

 
Word Attack1 
 

186 1.54 1.48 0.50 0.18 -0.87 0.36 

 

Grade 1 Spring 
 

       

 
GORT1 
 

183 6.97 3.15 -0.05 0.18 -0.93 0.36 

Note.  1Square root transformation 
 2 Log transformation 
 3 Inverse transformation 
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Appendix E 

      Table E1  

Correlation Coefficients for Naming Speed Measures 
 K 

Colour 

1 Fall 

Object 

1 Fall 

Colour 

1 Fall 

Digit 

1 Fall 

Letter 

1 Spring 

Object 

1 Spring 

Colour 

1 Spring 

Digit 

1 Spring 

Letter 

2 Fall 

Object 

2 Fall 

Colour 

2 Fall 

Digit  

2 Fall 

Letter 

K Object 

 

.68* .74* .66* .64* .59* .75* .70* .59* .58* .73* .61* .57* .58* 

K Colour 

 

 .72* .81* .66* .60* .62* .76* .62* .58* .65* .68* .60* .58* 

1 Fall 

Object 

  .76* .71* .71* .82* .77* .64* .65* .79* .72* .62* .60* 

1 Fall 

Colour 

   .76* .67* .67* .79* .66* .66* .66* .72* .66* .64* 

1 Fall Digit 

 

    .83* .63* .66* .77* .73* .67* .59* .75* .69* 

1 Fall 

Letter 

 

     .64* .66* .74* .74* .62* .58* .72* .68* 

1 Spring 

Object 

      .80* .66* .68* .85* .73* .61* .59* 

1 Spring 

Colour 

 

       .75* .69* .78* .84* .69* .64* 

1 Spring 

Digit 

 

        .85* .65* .59* .84* .77* 

1 Spring 

Letter 

         .61* .59* .76* .79* 

2 Fall 

Object 

          .76* .64* .65* 

2 Fall 

Colour 

 

           .65* .63* 

2 Fall Digit 

 

            .81* 
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Table E2 
 

Correlation Coefficients for GORT Reading Task 

 Gr 1 S, GORT 
2 

Gr 2 F, GORT 
1 

Gr 2 F, GORT 
2 

Gr 1 S, Gort 1 
 

.94* .79* .86* 

Gr 1 S, GORT 2 
 

 .82* .88* 

Gr 2 F, GORT 1   .83* 

* p< 0.01    

 
 
Table E3 
 

Correlation Coefficients for Word Blending and Elision Tasks 

 K 
Elision 

1 Fall 
Blending 

1 Fall 
Elision 

1 Spring 
Blending 

1 Spring 
Elision 

2 Fall 
Blending 

2 Fall 
Elision 

K Blending 
 

.41* .31* .41* .26* .41* .23* .36* 

K Elision 
 

 .43* .73* .36* .66* .41* .63* 

1 Fall 
Blending 
 

  .57* .70* .57* .53* .60* 

1 Fall Elision 
 

   .52* .77* .47* .74* 

1 Spring 
Blending 

    .57* .62* .63* 

1 Spring 
Elision 

     .52* .80* 

2 Fall 
Blending 
 

      .56* 

* p< 0.01        
 



 

 78 

Table E3 

Correlation Coefficients for PA Composite Scores 

 
Grade 1 Fall PA Grade 1 Spring PA Grade 2 Fall PA 

Kindergarten PA .72* .64* .63* 

Grade 1 Fall PA 
 

 .82* .75* 

Grade 1 Spring PA   .82* 

* p< 0.01    
 
 
 

Table E4 
 

Correlation Coefficients for NS Composite Scores 
 

  
Grade 1 Fall NS 

 
Grade 1 Spring NS 

 
Grade 2 Fall NS 

Kindergarten NS .81* 
 

.81* .80* 

Grade 1 Fall NS  .85* 
 

.85* 

Grade 1 Spring NS   .89* 
 

* p< 0.01    
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Appendix F 

 

 

 

Figure F1. Group membership in Kindergarten. 
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Figure F2. Group membership in the fall of Grade 1. 
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Figure F3. Group membership in spring of Grade 1.
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Figure F4. Group membership in fall of Grade 2.
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Appendix G 

 ANOVAs indicated that DDH groups differed in PA and NS. Significant 

differences were found for PA in Kindergarten, the fall of Grade 1, the spring of Grade 1, 

and the fall of Grade 2, F (3,133) = 33.56, p<  .001, partial ç2 = .43, F (3, 129) = 16.83, 

p<0.001, ç2= .28, F (3, 132) = 34.74, p< .001, partial ç2= .44, F (3, 105) = 57.13, p< .001, 

partial η2= .62, respectively. Significant differences were also found for NS in 

Kindergarten, the fall of Grade 1, the spring of Grade 1, and the fall of Grade 2, F (3, 

105)  = 40.24, p< .001, partial η2= .54, F (3, 105)  = 63.26, p< .001, partial η2= .65, F (3, 

105) = 55.91, p< .001, partial η2= .62, F (3, 105)  = 44.79, p< .001, partial η2= .56, 

respectively.  

 
Table G1 
 
Descriptive Statistics and Post-hoc Comparisons for PA and NS ANOVA 

Measure 
 

DA PD ND DD Post hoc 
comparisons 

Kindergarte
n 

     

 
N 42 31 15 49 

 

 
PA      

Mean (SD) 1.71 (.13) 1.17 (.11) 1.69 (.17) 1.07 (.15) 
ND, DA>PD, DD; 

PD, ND>DD 
 
NS      

Mean (SD) -.08 (.09) -.11 (.07) -.41 (.08) -.45 (.10) 
DA>ND, DD;  
PD> ND, DD 

Grade 1 Fall      
N 52 19 9 40  
PA      

Mean (SD) .90 (.50) -.65 (.33) .61 (.31) -1.02 (.43) 
DA>PD, DD; 
ND>PD,DD 
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NS      

Mean (SD) -.12 (.07) -.15 (.06) -.46 (.09) -.46 (.10) 
DA>ND, DD;  
PD> ND, DD 

Grade 1 
Spring      

N 35 11 25 38  

PA      

Mean (SD) .72 (.47) -.87 (.40) .65 (.49) -1.08 (.56) 
DA>PD, DD; 
ND> PD, DD 

NS      

Mean (SD) .79 (.12) .78 (.10) .43 (.06) .34 (.09) 
DA>ND, DD;  
PD> ND, DD 

Grade 2 Fall      

N 32 18 12 31  

PA      

Mean (SD) .94 (.46) -.57 (.27) .77 (.41) -1.12 (.70) 
DA>PD, DD; 
ND> PD, DD 

NS      

Mean (SD) -.092 (-.11) -.11 (.08) -.39 (.07) -.50 (.11) 
DA> ND, DD;  

PD> ND, DD;ND> 
DD 

 


	ABSTRACT
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	CHAPTER 1: INTRODUCTION
	CHAPTER 2: LITERATURE REVIEW
	Early Identification
	Phonological Awareness
	Naming Speed
	Double Deficit Hypothesis
	Remediation
	Current Study

	CHAPTER 3: Method
	Participants
	Measures
	Procedure

	CHAPTER 4: RESULTS
	Descriptive Statistics
	Reliability
	Z-score Composites
	Discriminant Analysis
	Stability of Group Membership
	Differences in Reading Ability between Groups

	CHAPTER 5: DISCUSSION
	Research Questions
	Limitations and Methodological Issues
	Implications for the Classroom
	Future Research
	Conclusions

	REFERENCES
	APPENDIXES
	Appendix A
	Appendix B
	Appendix C
	Appendix D
	Appendix E
	Appendix F
	Appendix G


